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Abstract

TheOberonenvironment[Wir89] offersonly limited possibilitiesfor inspectingrun time data
and for determining the causefor an exception.Only variablesof basic types such as
INTEGER or CHAR can be examined. It is not possible to execute a program step by step.

This reportdescribesa run time debugger thatallows the inspectionof structuredtypessuch
asRECORDor ARRAY aswell asstepby stepexecution.The debuggersupportsviews on
local and global variablesof any type. Run time types are supportedas well as dynamic
arrays.It is possibleto follow pointers in order to traversecomplex data structures.The
debugger supports single stepping as well as breakpoints.

Another goal was to embed the debuggerinto the Oberon environmentas smoothly as
possible.This resultsin a look and feel typical for Oberon.Many featuresof the Oberon
system(text frames,text elements)have beenreused, resultingin small andcompactcode.
The run time debugger was implemented for PowerMac Oberon.

Keywords: Programming techniques, Testing and Debugging; Programming
Environments Operating Systems, Systems Programs and Utilities
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1. Introduction

A major drawbackof the Oberonsystemis its lack of a debugger.In Oberonthereareonly
three means for getting information about a running program: 

• The command System.State (showing part of the global variables of a module).
• The command System.ShowModules (showing the list of all loaded modules).
• The trap viewer (showing the active procedureson the stack as well as part of their

variables).

One of the problemsfor successfuldebuggingis buried within the words 'part of'. Only
variables,for which thereexistsreferenceinformationin theobjectmodule,are shown.This
referenceinformation is createdby the compiler. Unfortunately, the compiler does not
generatethis information for all variables.Structuredtypes such as arraysor recordsare
omitted.Thereforevariablesof thesetypescannotbe shown.Pointerscanonly be shownas
the address of the object they reference.

To circumvent theseproblemsa post mortem debuggerwas implementedas a first step
[Hof94].  This tool displays the following information:

• Global and local variables of all modules and active procedures regardless of their types.  
• The source code position of the program counters for all active procedures on the stack.

Additionally somegeneraldesigngoalswereset,which partially contradicteachother.The
main objective was to find an optimal balance between the different goals:

• As simple as possible.
• Minimal use of memory.
• No interference with normal work. No additional delays.
• Conformity with the Oberon environmentand usageconventions.User interface with

commands, viewers and text elements.
• No modificationsof theOberonsystemandtheOberoncompilerwhich arenot absolutely

necessary.

Thesegoals were met to a large degree.The post mortem debuggerneededalmost no
memoryon theOberonheap,only oneminor changein thecompiler,andwasbuilt on top of
the Oberonenvironmentusing text elementsaswell asviewers.As a resultof making it as
simple as possible, it needed only about 40 kBytes of disk space. 

Daily usagein researchas well as in teachingshowed,that therewasstill someneedfor a
more advanceddebuggingtool. This led to the developmentof the run time debugger
presentedin this paper.The run time debuggermeetsthe samedesigngoals as the post
mortem debugger. Additionally it offers the following new features:

• Step by step execution of a program.
• Setting of breakpoints.
• Views on variables updated automatically after every debugging step.
• Reuse of parts of the post mortem debugger.
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2. How to Use the Debugger

We first explaintheusageof thedebuggerwith anexample.Thenwe describeits commands
and its other abilities in depth.

2.1 An Example

Consider the following sample program:
MODULE Demo;

IMPORT Out;

PROCEDURE Do*;
VAR i: INTEGER; arr: ARRAY 3 OF INTEGER;

BEGIN
Out.String ("Hello world$");
FOR i := 0 TO 2 DO

arr[i] := i*2;
Out.String ("Hello again$")

END
END Do;

END Demo.

To start debugging,the debuggerhas to know which modulesshould be traced by the
debugger. In our case we only want to trace the module Demo.

Debug.Trace Demo ~

After runningthis commandeverythingis prepared.Debuggingis startedautomaticallyupon
enteringoneof themarkedmodules(hereDemo).In our examplewe enterthetracedcodeby
starting the commandDemo.Do with a click on the middle mousebutton. After a traced
modulehasbeenactivated,executionis suspendedanda vieweris openedshowingthesource
text correspondingto the current programcounter (PC). The exact position of the PC is
marked with a special text element:

MODULE Demo;

IMPORT Out;

PROCEDURE Do*;
VAR i: INTEGER; arr: ARRAY 3 OF INTEGER;

BEGIN
Out.String ("Hello world$");
FOR i := 0 TO 4 DO

arr[i] := i*2;
Out.String ("Hello again$")

END
END Do;

END Demo.



6 RTD.Text   (21 Aug 95)

The program may now be executedstep by step by using the commandDebug.Step.
Alternatively, it can be executed up to the next breakpoint with Debug.Run. With
Debug.Data Demo.Do onecanopena so calleddataviewer. A dataviewer alwaysdisplays
the variablesof a procedureor module togetherwith their current values.In this caseit
displaysthe valuesof i andarr. If onewould opena dataviewer of Demo.Do in the above
situation,the valuesof i andarr werenot defined.After steppingthroughsomestatements,
one gets to the following state:

MODULE Demo;

IMPORT Out;

PROCEDURE Do*;
VAR i: INTEGER; arr: ARRAY 3 OF INTEGER;

BEGIN
Out.String ("Hello world$");
FOR i := 0 TO 2 DO

arr[i] := i*2 ;
Out.String ("Hello again$")

END
END Do;

END Demo.

Fromstepto step,thedataviewer is automaticallyupdated,to showthecurrentvaluesof the
variables.This results in the following display of the variablesof Demo.Do in the data
viewer:

arr = 
0 = 0
1 = 2
2 = 4  

i = 2

Thecomponentsof thearrayarr areenclosedin so-calledfold elements(openingandclosing
triangles)[MoK95]. By middle clicking on one of the triangles,one can collapsethe text
betweentheseelements(giving insteadof ... ). By default, fold elementsare closedto
avoid long dataviewerswhich tend to be difficult to inspect(Fold elementsaredistributed
with the standard Oberon environment).

Insteadof the commandinterfacedescribedabove,one may also usethe Dialogs package
[Kna94] as a means to communicate with the debugger (Figure 1).

Figure 1: Debugger Dialog
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2.2 Commands

Like otherOberontools, thedebuggeris not a programfor itself, but a collectionof modules
which export several commands. There are two types of commands:

• Initialisation commands define the state of the debugger.
• Debugging commands change or give information about the currently debugged program.

Initialisation Commands

• Debug.Trace {module}. Registersthe modulesthat areto be traced.Whena modulehas
beenregistered,executionhaltseitherwhen oneof its statementsis reachedin singlestep
mode or when a breakpointin this module is encountered.Note that it is possibleto
selectively trace individual modules of a system.

• Debug.Close: Endsthe currentdebuggingsession.The allocatedmemoryis freedandthe
debugged modules are restored to their former state.

• Debug.ShowModules: Shows the set of currently registered modules.
• Debug.PostMortem: Installs the debuggersPostMortem facility. The machinestateof a

later trap may then be inspected as if a debugging step has been executed.

Debugging Commands

• Debug.StepInto: Executesthenextstatementafter thePCposition.If this statementcallsa
procedureof a registeredmodule,executionis stoppedbefore the first statementof the
procedure (step into mode). 

• Debug.Step: Executesthe next statementafter the PC position. If this statementcalls a
procedure,this procedureis not debuggedbut executedcompletely,even if it is in a
registeredmodule (step over mode).However,an encounteredbreakpointinside of the
procedure will cause a program stop.

• Debug.Breakpoint: Setsa breakpointin front of the statementcontainingthe caret.The
breakpoint is shown as . During debugging,an encounteredbreakpoint triggers a
program stop.

• Debug.Run: Executesthe debuggedprogramuntil a breakpointis encounteredor the end
of the program is reached (i.e. the command returns to the Oberon loop).

• Debug.Data (module | procedure | ^): Opensa dataviewer andshowsall variablesof the
specifiedmoduleor procedure(if thatprocedurehasanactiveframeon thecurrentstack).
Note that it is also possible to inspect the global data of a module which is not registered.

• Debug.Return: Executesthe debuggedprogramuntil the currentprocedurereturnsto its
caller. However, execution will be stopped, if a user-defined breakpoint is encountered.

• Debug.Source (procedure): Showsthe sourcecodeof thespecifiedprocedureandsetsthe
caret to the current position within this procedure.The proceduremust have an active
frame on the stack. This is useful for determining the exact halt position when the
debugger is used in post mortem mode.

• Debug.Stack: Displaysa list of procedureshaving an active frame on the stack.After a
trap these are the procedures that were active when the trap occurred.
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2.3 Data Viewers

Dataviewersdisplay the valuesof local, global or heapvariables.They areopenedwith the
commandDebug.Data. A dataviewer is a normal text viewer. All commandsapplicableto
text viewers are also valid for data viewers. 

Variablesof basic types,strings,procedurevariablesand NIL-pointers are displayedwith
their respective names and values. For example:

i = 100
ch = 'C'
str = "a string"
real = 3.14159265D+000
bool = TRUE
set = {3, 17}
proc = Texts.Notify
ptr = NIL

Variablesof structuredtypes(arrays,records)or pointersaredisplayedwith their namesand
a pair of fold elementswhich can beexpandedto showthe componentsof thesetypes.For
example:

rec 
ptr^ 
arr 

Clicking on one of the trianglesshowsthe componentsof the correspondingvariable.For
example, clicking on the fold element after 'arr' leads to:

rec 
ptr^ 
arr 

0 = 17
1 = 3
2 = 25 

Nestedstructuredtypesaredisplayedasnestedfold elements.For example,a recordwith two
fields of array type is displayed as:

rec 
arr1 
arr2 
      0 = 41
      1 = 35  

ptr^ 
arr 

Data structureslinked via pointers are displayedwith nestedfold elementsas well. For
example:

rec 
ptr^ 

data 
next^ 

data 
next^ 

data 
next^    

arr 
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A recordwhich is an extensionof anotherrecordis displayedwith fold elementsfor its base
type. For example:

rec  
f1 = 3
f2 = -17 

2.4 Limitations

There are some limitations inherent to the structure of the debugger (see also Section 3):

• It is only possible to debug modules, whose source code is available.
• In orderto useaslittle memoryaspossible,thestateof thedebuggedmodulesis not saved

completely.Therefore,modifying theglobalstateof thedebuggedmodulesby commands
executed betweentwo debuggingstepsis potentiallydangerous.However,commandsnot
related to the debugged modules may be executed without any special considerations.

• Sincea moduleis loadedinto memoryassoonas it is registered,the body of a module
cannot be debugged. 
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3. Implementation

Theimplementationof thedebuggerconsistsroughlyof threeparts.Thefirst parthandlesthe
stepwiseexecution,the secondextractsthe actual values of variables,and the third part
presentsthe information generatedby the other two parts to the user. Each part will be
described in its own section. But first, some low level information is presented.

3.1 Compiler support

Thedebuggermainly doestwo things:Steppingthrougha programanddisplayingthevalues
of variables.To achievethis, it needsinformationon how to interpretthememory(heapand
stack), i.e., it needsthe types and addressesof global and local variables,as well as
informationaboutstatementboundariesto allow stepwiseexecution.Most debuggersget this
information from specialfiles createdby the compiler (so called referencefiles). This has
several disadvantages:

• For every compiled module an additional file is needed,even if a module is never
debugged.

• The compiler has to be modified in order to create these files.
• The debuggerhasto readthesefiles and to build a datastructuresimilar to the symbol

table built by the compiler.

To circumvent theseproblemsanotherapproachwas chosen.The idea was to createthe
referenceinformationof a module ondemandby compilingthemoduleandusingthesymbol
tabledirectly from thecompiler.This needsonly a minor modificationof thecompiler.Most
of the above problems are avoided, but there are also some disadvantages:

• Thereis a slight delaywhenaccessingdebuginformationof a module,sincethe module
has to be recompiled first.

• Problemsmayarise,if thesourcecodeof a moduleis modifiedafter it hasbeenloadedby
the Oberonsystem.The position of the current programcountermay be wrong, as its
position is still calculatedcorrespondinglyto the older sourcecode.However,debuggers
using reference files have this problem as well.

The delay for recompilinga moduleis so short,that it is only noticeableon slow machines
(The PowerMacOberoncompiler compilesapprox.2000 lines per second).In addition,the
debuggermaintainsa cachefor thedebuginformationof themostrecentlyusedmodules.The
modifications to the compiler are negligible. There are only two necessary changes:

• A pointer to the symbol tablemustbe storedin a global variablein order to preventthe
garbage collector from freeing this memory. This can be done in a single line.

• A tablemustbe generatedthat relates statementboundariesto PC valuesandvice versa.
This results in another 10 lines added to the compiler. 

3.2 Stepwise execution

Issuing one of the step commands results in the following actions:

• The code is patched with trap instructions at all statement boundaries.
• The context is switched to the debugged program.
• After a patched trap instruction was reached, the debug context is saved.
• Control is given back to the standard Oberon loop.
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3.2.1 Patching

In order to stopexecutionafter a debuggingstep,trap instructionsareinsertedinto the code
segmentof the debuggedmodules. These instructions replace the first machine code
instructionsof all possibly following Oberonstatements.Overwrittenmachineinstructions
are saved to a buffer in order to be able to restore them later on (Figure 2).

before setting the
breakpoint

after setting the
breakpoint

...
instr i-1
instr i
instr i+1
...

...
instr i-1
trap
instr i+1
...

breakpoint =>breakpoint =>

buffer

instr i
...

...

Figure 2: Patching of instruction i

Dependingon the chosenstepcommand,the set of following statementsdiffers. Therefore
not all statement boundaries are patched with trap instructions. 

• Debug.StepInto inserts trap instructions at all statementboundariesreported by the
compiler. It would be possibleto scanthe machineinstructionsto restrict the numberof
statements, but 

• Debug.Step insertstrap instructionsin all active proceduresas well as at all breakpoint
positions.

• Debug.Run inserts trap instructions at all breakpoint positions.
• Debug.Return insertstrap instructionsin all activeproceduresaswell asat all breakpoint

positions except for the current procedure on the bottom of the stack..

3.2.2 Context switch

There are two kinds of context switches.When the debuggedprogram runs into a trap
instruction,control is transferredto theOberonloop (standardmode).Whentheuserissuesa
debbugercommandsuchasDebug.Step, control is transferredbackto thedebuggedprogram
which is thenrunningin debugmodeagain.Both contextswitchesareinitiated by trapsand
are performed in the trap handler (Figure 3).

      

Trap handler

Debug mode

Standard mode

BreakpointBreakpoint

Traps

Context switches

RTD.Step RTD.Step

Figure 3: Two sample debugging steps

• Debug mode to standard mode: The debuggedprogram runs into a trap instruction
(breakpoint).Beforecontrol can betranferred tothe Oberonsystem,the debuggerhasto
saveinformationaboutthedebuggedprogram(stackandregisters)andto updatetheviews
visible to the user.The updateis not donedirectly in the contextswitch, but througha
more generalmechanism,in order to allow later addition of further extensionsto the
debugger (see also Section 4).
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• Standard mode to debug mode: This contextswitch is generatedexplicitly throughthe
stepcommandsactivatedby the user.After patchingthe codewith trap instructions(see
above),the step commandissuesa trap to trigger the contextswitch. Beforethe actual
contextswitch takesplace,the trap handlermakesan upcall to the userinterfaceto allow
theviewsto preparethemselvesfor thenextdebuggingstep.Thenthetraphandlerrestores
the state of the debuggedprogram (stack and registers)and resumesexecutionat the
addresswherethe latesttrap occurred.As theremay be a trap instructionat this address,
execution is resumed in a separate memory location called 'save area' (Figure 4).

...
instr i-1
trap
instr i+1
...

breakpoint =>

save area

instr i

b

Figure 4: Launching of a debug step

In principle, this areacontainstwo machineinstructions:the instructionhiddenby thetrap
instruction and a branchto the instruction following the trap instruction. If the hidden
instruction is a relative branch, its target addresshas to be modified. There are three
different cases to be considered (see Figure 5):

• relative branch conditional (bc)
• relative branch unconditional (b), used when a procedure is called
• other instructions

bc save area[2]save area[0]

save area[1]

save area[2] b target

bc targetinstr i b target

b instr (i+1)

other

instr   i

b instr (i+1)

b target

LR:=ADR(instr (i+1))

Figure 5: Structure of the save area depending on the kind of the saved instruction

By moving a conditional branchinstruction to the savearea, its branchdistancemay
exceedthe allowable limit. Thereforean indirection through an unconditionalbranch
located in save area[2] is introduced.An unconditionalbranch overwritten by a trap
instruction is typically a procedurecall. In order to return correctly from the called
procedure, the link register (LR) is set to the instruction following the trap instruction

3.3 Getting the values of variables

To display a variable with its actual value, the debugger needs the following information

• the effective address of the variable
• the variable's actual run time type
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Theeffectiveaddresscan becalculatedfrom theinformationprovidedby thecompiler(offset
of thevariablerelativeto thebaseaddressof thecorresponding moduleor procedure)andthe
actualbaseaddress.If the static type of a variableis a record,the dynamic typemay be an
extensionof it. The dynamic typecan beobtainedfrom the record'stype descriptorwhose
addressis storedneartheeffectiveaddressof the record.Fromtheaddressof a variable(and
possibly its dynamic type) the value of the variable can be computed (Figure 6).

Effective Address

Value

Dynamic Type

Static TypeOffset

CompilerSystem State

Base Address

Figure 6: Determine value and run time type of variables

3.4 User interface

We set two main goals for the user interface:

• The debugger should have an Oberon-like 'look and feel'
• The user interface should be extensible

The main idea was to start with a simple and small user interface which may later be
extendedwithout changing the debugger(for details see Section 4). The minimal user
interfaceconsistsof two typesof viewers.Sourceviewersdisplayingthe control flow and
dataviewersshowingthe currentvaluesof variables.Both views areautomaticallyupdated
after each debugging step.

3.4.1 Source Viewers

Sourceviewersarestandardtext viewers.Theyareopenedautomaticallyby thedebuggerbut
can also be opened by the user with Edit.Open. To achieve the added functionality,
HandlerElems areused(for further informationreadthe file Elem.Guide.Textof theOberon
system).After everydebuggingstepa SetPCmessageis broadcast.This messagecontainsthe
name of the module as well as the text position correspondingto the current PC. Upon
receivingthis message,a textframedisplayingthenamedsourcetext insertsa PCelementat
the indicatedtext position and setsa flag in the message.After the broadcastthis flag is
tested.If it is set, nofurther action is taken.Otherwisea new viewer is openedshowingthe
desired source text and a PC element is inserted at the appropriate position.

3.4.2 Data Viewers

Data viewersare normal text viewersdisplayingall variablesof a moduleor a procedure.
Fold elementsand indentation areusedto enhancereadability.After everydebuggingstep,
the shown values are updatedautomatically.A view on the data of a no longer active
procedure (no active stack frame) or an unloaded module is marked.
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4. Extensibility

Theuserinterfaceof thedebuggerconsistsof two parts.On theonehandthereis a collection
of user-startableactions(commands)andon the otherhandthereis a setof actions,invoked
automaticallyby thedebuggerat thebeginningandtheendof eachdebuggingstep.Onemay
use the commands either directly by middle-clicking on them or indirectly through a dialog.

Theinterfaceof thedebuggeris extensiblein two ways.First, onecanaddnewcommandsor
dialogs(extensibility inherentto the Oberonsystem).Second,it is possibleto addarbitrary
actionsthat arethenactivatedafter everydebuggingstep.In principle,onecanadd anynew
or improved featureto the debugger(e.g. a graphicalrepresentationof the currentobject
hierarchy). If a procedurenamed MyGraphicHandler should be activated after every
debugging step, one has to call

RTDT.debugQ.Add (MyGraphicHandler)

If a procedurenameMyCleanUp shouldbe called beforeevery debuggingstep,onehasto
call

RTDT.startQ.Add (MyCleanUp)

Currently, thereare twoinstalledactionsexecutedafter every debuggingstep(oneupdates
the sourceviewersand the other updatesthe dataviewers)and oneaction executedbefore
every debugging step (it deletes the current PC element in the source viewers).

The debuggermodules offer several auxiliary procedureswhich can be used by new
extensions.The following sectionsdescribeeach module's interface, as far as they are
important for future extensions.

4.1 Module hierarchy

RTDD

RTDT RTDC

RTDB

RTD
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4.2 RTDT (low-level Trap handling, context switches)

DEFINITION RTDT;

CONST
EnterDebugMode = 255;

TYPE
Proc = POINTER TO ProcDesc;
ProcDesc = RECORD

up: Proc;
pc, sp: LONGINT;
name: ARRAY 64 OF CHAR;
modName: ARRAY 32 OF CHAR; 
regs: Sys.ExceptionInfo;
beginPC, endPC: LONGINT;

END ;

VAR
debugQ-: Kernel.Queue;
startQ-: Kernel.Queue;
procs-: Proc;

PROCEDURE Debugging (): BOOLEAN;
PROCEDURE FindProc (startPC: LONGINT; VAR name: ARRAY OF CHAR);
PROCEDURE Launching (): BOOLEAN;
PROCEDURE PC (): LONGINT;
PROCEDURE PopProc;
PROCEDURE SearchProc (pc: LONGINT; VAR mod: Modules.Module;

VAR refpos, refend, startpc, endpc: LONGINT);
END RTDT.

Constants 

• EnterDebugMode is the trap numberusedto initiate a contextswitch to the debugmode.
To write an own commandwhich initiates a debuggingstep,set the desiredbreakpoints
and call HALT(EnterDebugMode) in order to resumethe executionof the debugged
modules.

Types 

• ProcDesc representsa procedurewith an activation frame on the debuggingstack. It
contains the following information:
• up is a link to the procedure's caller.
• pc is the address of the latest executed instruction (of this procedure).
• sp is the procedure's stack pointer.
• name is the procedure's name
• modName is the name of the module containing the procedure.
• regs are the procedure's registers.
• beginPC and endPC define the address and size of the procedure's code in memory.
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Global variables

• debugQ: Proceduresregisteredin debugQ are called whenevera debuggingstep has
finished (e.g. useful to update information on the screen).

• startQ: Proceduresregisteredin startQ arecalledwhenevera debuggingstepis aboutto be
started (e.g. to remove temporary information visible on screen).

• procs: Points to the list of procedures currently on the debugging stack.

Operations 

• Debugging () returns TRUE if a module is currently debugged.
• FindProc (startPC, name) returns the name of the procedurestarting at the address

startPC.
• Launching () returnsTRUE if moduleshave beenregisteredfor debuggingbut havenot

yet been entered, i. e. there exists no saved state of the debugged modules.
• PC () returns the program counter at the end of the latest debugging step.
• PopProc removes the bottom most activation frame from the debugging stack.
• SearchProc (pc, mod, refStart, refEnd, startPC, endPC) returns information about the

procedurewhich containstheaddresspc. refStart andrefEnd definetheaddressandsizeof
the procedure'sreferenceinformationand startPC and endPC the addressandsizeof its
code.

4.3 RTDB (Breakpoint handling)

DEFINITION RTDB;

TYPE
GetBPMsg = RECORD (Display.FrameMsg) END ;

ModuleInfo = POINTER TO ModuleInfoDesc;
ModuleInfoDesc = RECORD

next-: ModuleInfo;
name-: ARRAY 32 OF CHAR;

END ;

VAR
modules-: ModuleInfo;

PROCEDURE AddModules (s: Texts.Scanner);
PROCEDURE BreakAll;
PROCEDURE BreakAtPC (VAR name: ARRAY OF CHAR; pos: LONGINT): BOOLEAN;
PROCEDURE CleanUp;
PROCEDURE EntryAll;
PROCEDURE PCToPos (pc: LONGINT; VAR name: ARRAY OF CHAR;

VAR pos: LONGINT);
PROCEDURE PosToPC (VAR name: ARRAY OF CHAR; pos: LONGINT;

VAR pc: LONGINT);
PROCEDURE RestoreAll;
PROCEDURE StepAll;
PROCEDURE StepOverAll;

END RTDB.
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Types

• A GetBPMsg is broadcastin orderto collectuserdefinedbreakpoints.Uponreceivingthis
message,a handlerof a text framewith breakpointshasto registerthemwith help of the
operation BreakAtPC. 

Global variables 

• modules points to a list of all debugged modules.

Operations 

• AddModules (s) readsnamesusing the scanners as long asthey arevalid. Eachnameis
treated as the name of a module, which is then entered into the list of debugged modules.

• BreakAll insertstrap instructionsfor user-definedbreakpointsin all debuggedmodules.
Trap instructions for stepwise execution are previously removed.

• BreakAtPC (name, pos) insertsa trapinstructionfor theuser-definedbreakpointin module
name at text position pos. Should always be called upon receiving a GetBPMsg.

• CleanUp removesall patchesin the debuggedmodulesand clearsthe list of debugged
modules.

• EntryAll inserts trap instructions at all entry points of all debugged modules. 
• RestoreAll removes all patches in the debugged modules.
• StepAll inserts trap instructions at all statement boundaries in all debugged modules.
• StepOverAll inserts trap instructionsin all procedureswith an activation frame on the

debugging stack. 
• PCToPos (pc, name, pos) returnsthe modulenameandthe text positioncorrespondingto

the address pc.
• PosToPC (name, pos, pc) returnsin pc thecodeaddresscorrespondingto thetext position

pos in the module name.

4.4 RTDC (Compiler Interface)

DEFINITION RTDC;

TYPE
ScanProc = PROCEDURE (obj: POPT.Object);

Stat = RECORD
pc-: POINTER TO ARRAY OF SHORTINT;
pos-: POINTER TO ARRAY OF LONGINT;

END ;

Sym = POPT.Object;
Type = POPT.Struct;

PROCEDURE FindProc (proc: RTDT.Proc): Sym;
PROCEDURE FindType (type: Types.Type; module: Modules.Module): Sym;
PROCEDURE ScanScope (scope: Sym; proc: ScanProc);
PROCEDURE Statements (name: ARRAY OF CHAR; VAR stats: Stat);
PROCEDURE Symbols (name: ARRAY OF CHAR; VAR syms: Sym);

END RTDC.
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Types

• Stat containstwo openarrayscontainingthestatementboundariesascodeaddressesandas
text positions.Thesearraysare usedfor translatingcodeaddressesto text positionsand
vice versa. The text position pos[i] corresponds to the code address 4*Sum (pc[0]..pc[i]). 

• Sym denotes an Oberon symbol (variable, procedure).
• Type denotes a type definition as given by the compiler.

Operations 

• FindProc (proc) returns the symbol information for the procedure proc.
• FindType (type, module) returnsthe symbol informationfor a given type. If its module's

source code is not accessible, the information is searched in the module module.
• ScanScope (scope, proc) calls the procedureproc for all local objectsof the procedureor

module scope.
• Statements (name, stats) retrievesthe statementboundariesfor the modulename. If they

could not be determined, stats is NIL.
• Symbols (name, syms) retrievesthe symbol informationfor the modulename. If an error

occurs, syms is NIL.

4.5 RTDD (Data viewers)

DEFINITION RTDD;

PROCEDURE GetLocalScope (VAR w: Texts.Writer; t: Texts.Text; syms: POPT.Object;
reg: Sys.ExceptionInfo; indent: INTEGER);

PROCEDURE GetScope (VAR w: Texts.Writer; t: Texts.Text; syms: POPT.Object;
baseAdr: LONGINT; indent: INTEGER);

END RTDD.

Operations 

• GetLocalScope (w, t, syms, reg, indent) writesall local objectsof a procedureto thewriter
w using the given indentation.The procedureis defined by its symbols syms and the
registersetreg. Whena structuredtype is encountered(useof fold elements),the text t is
scannedfor thecorrespondingfold element.If it is foundandit is open,it is automatically
expandedwhenwritten to w. Thereforea fold elementin a dataviewerstaysopen,if a step
command is executed.

• GetScope (w, t, syms, baseAdr, indent) writesall local objectsof a moduleto thewriter w
using the given indentation.The module is defined by its symbols syms and the base
addressbaseAdr. Whena structuredtypeis encountered(useof fold elements),thetext t is
scannedfor thecorrespondingfold element.If it is foundandit is open,it is automatically
expandedwhenwritten to w. Thereforea fold elementin a dataviewerstaysopen,if a step
command is executed.
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5. Conclusions

The strength of our debugger stems from its concepts being based on the Oberon
environment. The debugger has the following main features:

• It needs no reference files.
• It is small andefficient by reusing manyfeaturesof the Oberonsystem(the total object

code size is about 30 kBytes).
• It fully supports the Oberon concept of multiple entry points into an application.
• It is extensible.

Context switches in general and hand-made code pieces in particular are highly
system-dependentand processor-dependent.The debuggeris currently implementedfor the
PowerPC. This implies a high degreeof non portability. Howeverporting it to a processor
with an architecture similar to the Power PC should not be too hard and time consuming. 
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